Objective: To determine the bacterial etiology, clinical presentation and risk factors for outcome of serious community-acquired infections in young infants.
Introduction
Over the past 40 years, although infant mortality declined in developing countries, neonatal mortality rates remain high. Approximately 3.9 of the 10.8 million annual deaths in under fives are neonatal, mostly in rural areas, 1 50 to 70% during the first week of life. 2 Bacterial infections are the primary cause of death in term-infants, pneumonia being responsible for 19%, neonatal tetanus for 14%, sepsis/meningitis for 7% and diarrhea for 2% of the deaths. 3 In developing countries, the incidence of neonatal sepsis ranges from 7.8 to 21.8/1000 live births, with case fatality rates as high as 38%. [4] [5] [6] To prevent this high mortality, appropriate preventive and therapeutic interventions must be directed against specific pathogens. However, contradictory studies and lack of etiological data from rural areas have stymied progress.
Early studies on sepsis in young infants in developing countries showed a high prevalence of Staphylococcus aureus and Gramnegative enteric bacteria. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] However, many of these studies were hospital-based in large urban centers, with a high likelihood for inclusion of nosocomial infections and reflecting an urban population rather than the rural environment where the majority of neonatal deaths occur. Although group B Streptococcus has been a common cause of neonatal sepsis in industrialized countries, 18 its role in developing countries is less certain. 19, 20 The paucity of prospectively collected data in developing countries prompted a large multicenter etiologic study of community-acquired neonatal infections sponsored by the WHO (World Health Organization). 21, 22 This study demonstrated that Streptococcus pneumoniae, Staphylococcus aureus and other Streptococcus species were the most important pathogens, accounting for almost 2/3 of the isolates. 21 This was especially true for Gambia, Ethiopia and Papua New Guinea, which represented 80% of the study population. In the Philippines, Gram-negative bacteria were the most common organisms isolated. 22 There are several recent studies of neonatal sepsis from developing countries in Asia, 15,17,22 -26 but none from truly rural populations. We report a large prospective study of the etiology, clinical presentation and outcome of serious communityacquired infections in young infants less than 60 days of age in rural central Philippines.
Materials and methods

Study population
The study was carried out in Bohol Island in central Philippines with a population of one million. The Gallares Hospital in the capital city of Tagbilaran is a first-level referral hospital serving as the primary center for pediatric and adult patients for the island. During the study period, April 1994 to May 2000, there were 18 386 deliveries and 1802 neonatal admissions at the hospital.
Study design and patient enrollment
The study design, with full-time clinical and laboratory research personnel and intensive quality control procedures, has been described earlier. 27, 28 The study was approved by the Institutional Review Board of the Research Institute for Tropical Medicine. As part of a large prospective study on serious infections in children under 5 years of age, infants below 2 months were enrolled using criteria, partly based on the WHO case management protocol for Acute Respiratory Infections, 29 or our definitions, 28 if they had: (1) clinically defined severe pneumonia (cough or difficult breathing and respiratory rate X60/min or severe lower chest wall indrawing), 29 (2) suspected meningitis indicated by convulsions, abnormal sleepiness or difficulty in waking, or neurologic abnormalities 28 or (3) clinical suspicion of sepsis (any of the following: fever >38.01C or hypothermia <36.01C, poor feeding, distended and tense abdomen, apneic episodes, grunting, central cyanosis and jaundice). 28 To exclude nosocomial infections and non-infectious conditions related to prematurity, we excluded: (1) premature infants p7 days of age; (2) infants admitted for X3 days in another hospital immediately before evaluation; (3) infants born at Gallares Hospital who developed symptoms of infection at X3 days of life while still in hospital; (4) infants who had invasive procedures (i.v. insertion, intubation, etc.) within 3 days before study evaluation and (5) hospital-born infants who consulted within 7 days of discharge. Prematurity was assessed within 24 hours of birth using Ballard's score for all hospital-born infants. All other infants were assessed based on the mother's recall of the last menstrual period. A symptom-free period of at least 1 week before enrollment was required to rule out a continuation of a previous infection.
Clinical evaluation and management Data were routinely collected by pediatric residents under the supervision of a study pediatrician using a standardized pretested questionnaire. Antibiotic treatment consisted of penicillin (100 000 units/kg/day) or ampicillin (200 mg/kg/day) and gentamicin (5-7 mg/kg/day) in divided doses. Antibiotics were modified based on clinical response and culture results.
Laboratory methods
Blood was collected for complete blood count and blood culture and processed according to standard methods as part of routine care for sick infants. Age-specific reference values were used for blood white cell count. 30 Cerebrospinal fluid (CSF) for culture and antigen detection was collected when meningitis was suspected after obtaining written informed consent (as this was not part of routine care). Bacterial growth was identified using standard methods. 31, 32 Gram-negative non-fermenting bacteria, that is, Acinetobacter sp, Achromobacter sp, Alkaligenes sp, Pseudomonas sp other than Aeruginosa and Flavobacterium are of doubtful pathogenicity in a population without severe immunosuppression or in-dwelling foreign bodies, and were considered contaminants, in addition to common skin flora, such as coagulase negative Staphylococci, Diphtheroids, Bacillus sp and Micrococci. Antimicrobial susceptibility tests were performed as previously reported. 27, 28 Radiological investigation Postero-anterior and lateral chest radiographs were obtained for most infants and read by the study radiologist, blinded to clinical information, and classified for the presence and type of infiltrates. A dense infiltrate was defined as fluffy opacities with ill-defined margins, with lobar, segmental or patchy distribution. Diffuse infiltrates included interstitial infiltrates, peribronchial thickening or cuffing, increased broncho-vascular markings and perihilar changes.
Outcome: For the outcome analyses, in addition to the patients dying at hospital, those who were discharged against medical advice in a moribund state were categorized as having subsequently died. In six patients, the status on discharge against medical advice was unavailable and they were excluded from outcome analysis. This included one infant with P. aeruginosa from blood culture.
Data management and statistical analysis Data were double-entered using Epi-Info version 6 (Centers for Disease Control, Atlanta, GA, USA) and analyzed with SAS statistical software version 8 (SAS Institute, Cary, NC, USA). w 2 or Fisher's exact test were used to calculate differences in rates. P-values <0.05 were considered significant. Stepwise logistic regression was used to analyze risk factors contributing to mortality including in the analysis all variables with P<0.15 in the univariate analysis. The multivariable risk factor analysis included: hospital vs home delivery, age below 7 days, positive bacterial culture, radiographic infiltrates and leukopenia.
Results
From April 1994 to May 2000, a total of 772 infants below 2 months of age (25% <7 days, 33% 7 to 29 days and 42% 30 to 59 days old) were enrolled. Erroneously enrolled infants were subsequently excluded because of hospital-acquired infection (two) or prematurity (three), leaving 767 cases for final analysis. There were 264 infants with clinically defined severe pneumonia, 248 with suspected sepsis, 201 with suspected meningitis and 54 with both severe pneumonia and suspected meningitis. There were 456 boys (60%) with a male to female ratio of 1.47:1. The majority (553/767; 72%) were born at home. Infants were discharged after a mean of 6.2 days. Excluding the six infants in whom the outcome was unknown, the case fatality rate was significantly higher in home-delivered than hospital-delivered infants (P ¼ 0.001), and significantly more for those <7 days of age (49/189, 26% vs 52/572, 9% P<0.001) ( Table 1 ). Comparing demographic, clinical and other risk factors between the groups of home-and hospitaldelivered infants, there were only two significant differences, a slightly higher mean white blood cell count and proportion with a respiratory rate X70/min in the home-delivered infants.
Gram-negative bacteria are the predominant causes of community-acquired sepsis Blood was obtained for culture in 767 infants and CSF in 325 infants. A bacterium was isolated in 34 patients (4.4%); 26 in blood, two in CSF and six in both blood and CSF. Overall, Gramnegative bacteria (n ¼ 23; 3.0%) were isolated more frequently than Gram-positive bacteria (n ¼ 11; 1.4%) (P ¼ 0.03) ( Table 2) . Gram-negative enteric bacteria were also significantly more common than Gram-positive bacteria among the 547 babies delivered at home (18; 3.3% vs 8; 1.5% P ¼ 0.04) and those below 7 days of age (10; 5.3% vs 2; 1.1%) (P<0.001).
The proportion of Gram-negative bacilli, (excluding H. influenzae), was similar for infants delivered at home (17/23; 74%) and in hospital (5/8; 63%). Among the three Gram-negative isolates in CSF (Salmonella group B, E. coli and E. cloacae), all, except E. coli, were also found in blood, supporting an etiological role. Three of eight hospital-born infants with positive cultures had Gram-negative bacteria commonly acquired in the hospital (one P. aeruginosa, two enterobacter species); however, they all developed symptoms within the first 2 days of life.
Radiographic pneumonia is more common above 1 month of age Of the 689 infants with chest radiographs, 185 (27%) had infiltrates ( Table 3 ). The proportion of those with radiographic pneumonia, that is, dense and/or diffuse infiltrates, was Antimicrobial susceptibility and outcome Of the 11 infants with Gram-positive isolates that were all sensitive to standard treatment, four died. Of the nine patients with Gramnegative isolates resistant to at least one of the initial antibiotics administered, four (44%) died compared to 1/9 (11%) deaths among those with isolates sensitive to both initial antibiotics given (P ¼ 0.29). Antibiotic susceptibility to the initial antibiotics was unavailable for two patients with E. coli in the CSF, and E. agglomerans in the blood, both of whom survived . Three isolates (Salmonella group B, H. influenzae and E. aerogenes) from patients who all died, were sensitive only to one of the initial antibiotics (not tested for the other).
Positive blood culture and outcome Eighty-four infants died in the hospital. Sixty-seven patients (9%) went home against medical advice: two-thirds had improved (44/67; 66%) and a quarter (17/67; 25%) who were discharged moribund were presumed to have died. There was no further information for six infants who were discharged against medical advice, and these were excluded from outcome analysis. Of the 101 who died (case fatality rate ¼ 13%), half (49/101) were in the first week of life. The overall case fatality rate in infants with cultureproven sepsis (10/34; 29%) was significantly higher than culturenegative (82/650, 13%; P ¼ 0.01) or with Gram-negative contaminants (9/77, 12%; P ¼ 0.04). There was a tendency towards a higher case fatality rate among the infants with Gramnegative enteric bacterial sepsis (8/23, 35%) compared to those with Gram-positive bacterial sepsis (2/11; 18%), (P ¼ 0.68). The case fatality rate among those with Gram-negative bacteremia was, however, significantly higher than in those who were culturenegative (P ¼ 0.02). There was no difference in case fatality rate among patients with Gram-negative contaminants as the blood was similar to those with negative blood cultures (P ¼ 0.96). Deaths usually occurred within 24 hours of admission in Gram-positive infections, but within 1 week of admission in Gram-negative infections.
Young age and radiographic pneumonia predict fatal outcome In univariate analysis, age below 7 days, a positive blood or CSF culture, radiographic pneumonia (whether dense or diffuse infiltrates) and leukopenia were significantly associated with death ( 
Discussion
In contrast to findings in industrialized countries where group B Streptococcus (GBS) and E. coli 19, 33 are significant pathogens, and the WHO multicenter study that implicated Gram-positive bacteria in 61% of infections, 21 our study in a Southeast Asian developing country illustrates that Gram-negative bacteria are the most important community-acquired bacterial pathogens among young infants in rural areas.
Several levels of evidence supported this finding. First, the Gram-negative bacteria were not hospital-acquired as the stringent inclusion and exclusion criteria were designed to exclude nosocomial infection. Second, the isolation rates of Gram-negative bacteria were similar among those born at home and in the hospital; the majority were sensitive to ampicillin and gentamicin, suggesting that they were community-acquired. Third, the case fatality rate was significantly higher among infants with either Gram-negative or Gram-positive infections than those with negative cultures, indicating that these had an etiologic role. Finally, several Gram-negative bacteria isolated from CSF were simultaneously found in blood, supporting our contention that these organisms are real pathogens and not contaminants of cultures. That the case fatality rate in patients with contaminants isolated in blood and those who were culture-negative was similar and significantly different from those with positive cultures supports the role of these non-pathogenic organisms.
One of the limitations of our study is the stringent inclusion and exclusion criteria, thus the exclusion of premature babies p7 days of age or of hospital-born infants consulting within 7 days of discharge may have artificially lowered the incidence of GBS disease. If infants were hospitalized elsewhere for 3 or more days and had positive cultures on admission to the other hospital, their exclusion may have affected the rate and/or distribution of sepsis/meningitis. We did not collect data on these excluded groups that could address whether these criteria biased the results. However, the stringent criteria were aimed at excluding nosocomial infections and the respiratory distress syndrome associated with prematurity.
With the exclusion of nosocomial infections, we still found that Gram-negative bacteria are the most common infecting organisms in community-acquired neonatal sepsis. Of the 23 Gram-negative infections, 10 had an early onset (<7 days or age), seven of which occurred in home-delivered babies. In studies from Asia, Gramnegative bacteria, including Klebsiella, Enterobacter, E. coli and Pseudomonas species, as well as S. aureus, have been the predominant causes of neonatal infections; 15, [22] [23] [24] [25] [26] however, most of the Gram-negative organisms were isolated from hospital-born babies or babies in neonatal nurseries, and nosocomial infections cannot be ruled out in those studies. Before our study, Gramnegative bacteria (other than E. coli and H. influenzae), have routinely been considered as nosocomial pathogens. 34, 35 We did not obtain details about the delivery of these babies, but as they were community-acquired, it is possible that these infections occurred during delivery or by ascending intrapartum infection. Maternal risk factors for perinatal septicemia caused by Enterobacteriaceae are similar to those in early onset GBS disease. 36 It is also possible that unhygienic measures such as the practice of cutting the umbilical cord with a bamboo stick may be implicated in earlyonset neonatal Gram-negative sepsis. The source of infection in the eight infants with late-onset disease due to Gram-negative bacteria is unclear but may be related to the presence of Enterobacteriaceae in the environment. The etiologic findings of the WHO young infant study showed that S. pneumoniae was a significant pathogen, which has driven subsequent maternal vaccination studies and other interventions sponsored by the WHO. 37, 38 In our study, S. pneumoniae was also the most common Gram-positive isolate, accounting for 15% of all isolates and was the most important pathogen in the CSF. Neonatal pneumococcal infection is uncommonly reported; a recent review identified only 171 cases of neonatal sepsis owing to S. pneumoniae in a 32-year period. 39 It has been suggested that maternal vaginal colonization with S. pneumoniae may be responsible for its peripartum transmission. 40, 41 and may be an important mode of spread of S. pneumoniae in developing countries. In contrast to the WHO young infant study, which enrolled infants up to 90 days of age, our study included only infants below 60 days old. As S. pneumoniae occurs more commonly among infants after the first week of age, 21 this may account for the lower isolation rate of S. pneumoniae in our study.
Radiographic pneumonia was considered a mild disease in the WHO young infant study 42 where the case fatality rate was 4.8%.
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In contrast, at least a quarter of the infants in our study had radiographic pneumonia with a case fatality rate of 21%. Moreover, the presence of radiographic pneumonia was associated with a twofold higher case fatality rate in both univariate and multivariable analyses. In the first 6 days of life, radiographic infiltrates were associated with a very high case fatality rate (50%) regardless of whether they were dense or diffuse. This may reflect true bacterial pneumonia. The unexpectedly high case fatality rate (20%) in older infants with diffuse infiltrates vs dense infiltrates may reflect a high prevalence of severe viral diseases seen in this population. 43 In previous studies, risk factors for death among infants with severe infections include home delivery, low birth weight, Gramnegative infections, hypotensive shock and acute renal failure. 2, 3 Infants who become ill between birth and 6th day of age (early onset sepsis) have been found to have a higher case fatality rate compared to those who develop the disease later. 1, 21, 23 In our study, the univariate analysis indicated that early-onset disease, a positive blood culture, leukopenia and the presence of infiltrates on chest radiographs were associated with an increased risk for dying; however, in the multivariable analysis, blood culture positivity and leukopenia did not remain as significant predictors, and Gramnegative infection was not identified as a risk factor for death.
We found that age and weight on admission and frequency of danger signs, radiographic pneumonia or culture-positive infection were similar in the home-and hospital-delivered babies. However, we were unable to prospectively collect data from the infants who were excluded from the study (specifically hospital-born infants consulting within 7 days of hospital discharge, excluded to rule out possible nosocomial infections), so that the effect of place of birth on outcome could not be assessed. Thus, we did not include place of birth in the analyses. However, after 7 days of age there was a significant difference in outcome of home vs facility-based delivery, supporting global efforts at encouraging facility-based delivery.
Infants born in the hospital have the advantage of being born in a 'clean' environment. As hospital delivery entails some expense, we can assume that these families are better-off financially than those who opt to have the baby at home. It is possible that their mothers also received prenatal care in the same hospital or in health centers where instructions are given regarding newborn care, proper feeding and identification of early signs of disease. This increases the likelihood that their babies will be brought in for consultation early in the course of the illness, but we did not find this to be the case. On the other hand, babies delivered at home may be exposed to unsterile conditions during delivery, predisposing them to infection, especially if not attended by a health professional. However, we did not find any differences in either pathogens causing sepsis or outcome. In fact, we could find no truly significant difference in demographic or other risk factors to explain this difference in outcomes. Perhaps it was purely socioeconomic, but as we did not collect systematic data to answer this issue, we cannot determine this important parameter.
Community-acquired infections can cause death in homedelivered infants before they could be brought to the hospital because of several reasons. Investigators have reported on the unwillingness or inability of families to access care for newborns within the first week after birth. 44 Enrollment figures from the current study support this hypothesis -8% more infants aged 7 to 29 days were enrolled and 17% more infants aged 30 to 59 days were enrolled compared to the first week of life. This is an inverse relationship that is generally accepted for the age-related mortality rates in the first 60 days of life. The initial signs may be too subtle for the mother to recognize, leading to late recognition. The illness may be more serious to begin with, such as sepsis or meningitis rather than pneumonia. Also, the infants may be more compromised in terms of overall nutrition, prematurity or complicated delivery (asphyxia, etc.). Antibiotic resistance to most pathogens was not a big problem in Bohol at the time of the study so its contribution to early death may not be significant.
Of the 101 infants who died, 91 (90%) were culture-negative. The methodology utilized for bacterial culture is well standardized and under strict external quality control. Prior antibiotic use has been documented in 36% of the infants in our study and in up to 84% of Filipino children admitted for acute lower respiratory tract infection, 45 possibly lowering the blood culture positivity rate in our study population. The case fatality rates for culture-proven and culture-negative sepsis (29 and 13%, respectively) were similar to the WHO young infant study (30 and 9%, respectively), 21 which suggests that the general severity of illness in our study was of a similar degree. Current empiric therapy with penicillin/ampicillin and gentamicin would cover most of the isolates obtained in this study including S. typhi. S. aureus and P. aeruginosa would require more specific therapy.
In conclusion, our study illustrates the importance of Gramnegative bacteria as a cause of early-onset neonatal sepsis in rural Asia. In this population, pneumonia appears to be an important contributor to mortality. Preventive and therapeutic interventions in rural Asian countries must take into account the role of Gramnegative bacteria in the causation of death from sepsis in the termyoung infant.
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